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Introduction
In the beginning....

There was Gerber. Boards were built. It was good.

Then came Computer Aided Design ...

With the advent of CAD and CAM tools, the need arose for a more complete method of data transfer. As layer count
increased, the number of filesincreased. Astrace size and spacing began to decrease, the Gerber file size increased. The need
for a better method of Data Transfer was recognized. The search for the Data Transfer Solution began.

IPC develop the GenCAM Initiative with a program to address the Data Transfer Solutions (DTS) with DTS '97, DTS 98,
DTS 99, DTS00, DTS '01, DTS '02... The idea behind the DTS was to parse large data files into an ASCII formatted,
process oriented segmented file. At the same time, Valor was developing the ODB+ format for its tools. And the industry
used Gerber because it was okay.

Oh no - the Data Format Wars ...

Theindustry press created the image of these two formats battling each other. Lots of articles were written on who would win
the war. This caused a lot of the industry to remain in neutral territory waiting to see who would win. But now the
inadequacies of Gerber were hurting the PCB industry.

NEMI offered to broker a “peace” plan by bringing together IPC and Valor to develop a plan that would serve the needs of
the PCB industry. Both formats, GenCAMX and ODB++(X) were submitted to the NEMI VFIIP committee for the purpose
of developing asingle XML-based industry standard.

Through an industry effort of cooperation, I1PC-2581 was released in February 2004. This format takes the best of its
predecessors for a robust XML data transfer solution. It is available with the XML schema for free download from
http://webstds.ipc.org/.

The dawning of anew era ... Intelligent Data Transfer ... and it is good (almost)!

How does a designer document Intelligent Data? If the Data is placed on a formatted drawing, the intelligence is lost. What
pieces of the Documentation Package need to be modified? How can the designer prevent sending redundant information?
Since the beginning, documentation packages have included:

e Fabrication Drawings

Assembly Drawings

Bill of Materials

Schematic or Logic Diagrams

Wiring Diagrams

Specification Control Drawings

Electronic Data

Mechanical Drawings

This will not change now that we are moving into the era of Intelligent Data Transfer. The human still needs to know what is
being transferred and to who isit being transferred.

In 2004, IPC approved the creation of a new IPC standard 2610 to deal with the “reguirements for the documentation of
electronic equipment, and the methodology used for revision control and configuration management of the information. The
descriptions apply to the entire document set used to define and maintain the electronic product. The requirements pertain to
both hard copy and electronic data descriptions.” (From the Proposal for 1PC-2611, PIN document, submitted February
2004.)

IPC-D-325 being revised This paper will discuss the current information being included in the IPC-2611 Generic
Requirements for Electronic Product Documentation.

Document of Intelligent Data



Minimum Drawing Reguirements
The documentation of a printed board assembly consists of several drawing types that are included or referenced in the
documentation package.

All drawings are not always supplied to the fabricator or to the assembly company; however, the designer must have a good
understanding of the minimum information necessary to convey the design intent.

I PC-2610 Documents

IPC-2611 Generic Requirements for Electronic Product Documentation
IPC-2612 Sectional Requirements for Electronic Diagramming Documentation
(Schematic and Logic Descriptions)
IPC-2613 Sectional Requirements for Assembly Documentation
(Electronic Printed Board and M odule Assembly Descriptions)
IPC-2614 Sectional Requirements for Board Fabrication Documentation
(Printed Circuit board Description Including Embedded Passives)
IPC-2615 Sectional Reguirementsfor Dimensions and Tolerances
(Released July 2000)
IPC-2616 Sectional Requirements for Electrical and Mechanical Part Descriptions
(Specification and Source Control Part Descriptions)
IPC-2617 Sectional Requirements for Discrete Wiring Documentation
(Wire harness, Point to Point and Flexible Cable Descriptions)
IPC-2618 Sectional Reguirements for Bill of Material Documentation
(Complete Listing of Parts, Materials, and Procurement Documents)

Terms & Definitions

Data Intelligent information used directly by machine in order to accomplish a particular manufacturing event.
Drawings Hard copy or un-intelligent documentation (example pdf etc.) to which all formatting criteria applies.
Supplier The organization or company responsible for providing the goods and/or services required to produce an

electronic product, which includes physical items as well as intellectual/software characteristicsand is
documented as either user procurement, supplier dataor contractual agreements.

*User Theindividual, organization, conpany or agency responsible for the procurement of electrical/electronic
hardware, and having the authority to define the class of equipment and any variation or restrictions (i.e.,
the originator/custodian of the contract detailing these requirements).

JSSO Thisterm describes the interface and solution technology between user and suppliers for Interconnecting,
assembling, packaging, mounting and integrating system design. Jisso concepts contain both functional
and physical technology. It originated in Japan.
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Jisso Level O Intellectual Property
Theintellectual property of an item pertainsto the idea or intelligence imported or
described in aformal document, design entity or patent disclosure. The information
may be in hard or soft copy and can include computer code or dataformat as a part of
the descriptive analysis. The characteristics are described asto their physical,
chemical, electrical, mechanical, electromechanical, environmental, and/or hazardous
properties
Jisso Level 1 Electronic Element
Bare die or discrete components (resistor, capacitor, diode, transistor, laser), with
metallization or termination ready to be mounted This can be an IC, or discrete
electrical, optical or M EMS element. Individual elements cannot be further reduced
without destroying their stated function.
Jisso Level 2 Electronic Package
A container for an Individual Electronic Element or Elements which protects the
contents and provides terminals for making connectionsto the rest of the circuit. The
Component Package outline is generally standardized. The Component Package may
function as electronic, optoel ectronic, or Micro-Electro-Mechanical- Systems, and
may in the future include Bio-electronic sensors.
Jisso Level 3 Electronic Module
A sub-assembly with functional blocks which consist of Individual Electronic
Elements and /or Component Packages. An individual module having an application
specific purpose including Electronic, Optoelectronic or Mechanical (MEMS). The
module generally provides protection of its elements and packages, depending on the
application.
Jisso Level 4 Electronic Unit

A group of functional blocks that have been designed to provide asingle or complex
function needed by a system in order for the system to serve a specific purpose. The
Electrotechnical Assembly may consist of Electronic Elements, Component Packages
and/or Application Specific Modules. The function of the Electrotechnical Assembly
may be electronic, optoel ectronic, electromechanical, or mechanical or any



combination thereof. The function may in the future include bio-electronic
applications.

Jisso Level 5 Electronic System

A completed, market ready, unit dedicated to combining and interconnecting
functional block(s). The functional block(s) generally consist of Electrotechnical
Assemblies, but may also include Application Specific Modules, Component
Packages or Electronic Elements. The System Product may include the cabinetry, the
backplane into which the Assemblies, Modules, Packages or Elements are inserted
and the cabling (electrical, optical, or mechanical) needed to interconnect the total
functional block(s) into a configured system.

| PC-D-325 Types of Documentation Packages
In IPC-D-325, there were 3 Classes for the documentation types: A, B and C.

Class A (Minimal Documentation) was intended for internal use. Most of the layout and artwork was in hard copy or NC
format. It requires a great deal of coordination between the designh and manufacturing teams. Class A documentation requires
the use of amanufacturer that can produce a functional product from the information supplied

Class B (Moderate Documentation) contains the complete board description without the manufacturing allowances and
includes the partslist and assembly drawing. CAD data on conductor routing describes the interconnectivity of the circuit and
is used to derive electrical test data. Class B documentation requires working with a manufacturer and assembly company
that has astrong CAD/CAM background and an understanding of what the designer expects.

Class C (Full Documentation) is a complete procurement package that may be sent to multiple suppliers with each producing
an identical part. The documentation package includes the master drawing, the assembly drawing; bill of material (BOM);
schematic or logic diagram; test specs; artwork in hard copy and electronic form; and an electronic description of the design.
An optional panel layout may also beincluded, especially if the assembly isto be built in panel format

Grades

There are three grades of documentation being defined in the IPC-2610 series. A specific grade shall consist of a letter to
define the differences between hard copy and electronic data, and a number that defines the completeness of the
documentation procurement package. The following characteristics apply and become a requirement of all the IPC-2610
sectional standards. (See Figure 2)

Grade A documentation is considered Hard Copy Documents and includes dimensionally stable Film.
Grade B documentation is a mixture of Electronic data and hard Copy. The electronic documentation may be intelligent or
unintelligent description files such as PDF views. The documentation may be in drawing formet and the electronic data may

be formatted or unformatted data depending on grade hierarchy.

Grade C documentation consists of intelligent electronic data. The information may be in an industry standard electronic
format or an electronic supplier derivative. The completeness of the information is dependant on grade hierarchy.



A B C
10 % - 60%
Data
30 % - 80%
Electronic
Documentationf| 60% - 100%
Data
60 - 90 %
Hard Copy
10% - 60%
Hard Copy
0% - 40 %
Electronic
Documentation
10 - 40%
Data

Figure 2 - Documentation Package Grade Requirements

CompletenessCriteria
IPC-2611 defines a completeness criterion that corresponds to the IPC-2581 format criteria (See Table ). Currently most
boards are built using documentation packages which are Grade B2 or B3

Two examples of current documentation packages are:

Grade B2: Drawing notes in PDF file, Preliminary Bill of Material (Excel spread sheet or CAD report). Photo description
PDF or DXF, IGIS, IDS, Board dimensions PDF, Plotted data descriptions PDF, Hole size information, product description,
surface finish, rough draft documentation. Gerber, Drill file

Grade B3: Hard copy or electronic versions in PDF or other printable forms with all document functions addressed in Final
documentation form. All files and/or hard copy are completely formatted, and approved. Panelization data or drawing. (PDF
file or hard copy)



Name Full Design Fabrication Assembly Test

1 2 3 1 2 3 1 2 3 1 2 3
Hierarchical layer/stack instance Y N Y N N N N N N N N N N
files
Hierarchical conductor routing Y N Y N N N N N N N N N N
files
BOM (Componentsand Y Y Y Y Y Y Y Y Y Y N Y Y
Materials)
AVL (Componentsand Y N Y Y N Y Y Y Y Y N N Y
Materials)
Component Packages Y Y Y Y N N Y Y Y Y N Y Y
Land Patterns Y N Y Y N N Y N Y Y N Y Y
Device Descriptions Y Y Y Y N N N N N Y N N Y
Component Descriptions Y Y Y Y N N N Y Y Y N Y Y
Solder mask; Solder Paste L egend Y N N Y Y Y Y Y Y Y Y Y Y
Lavers
Drilling and Routing Layers Y N N Y Y Y Y Y Y Y Y Y Y
Documentation Layers Y Y Y Y Y Y Y Y Y Y Y Y Y
Net List Y Y Y Y N Y Y N Y Y Y N Y
Outer Copper Layers Y N N Y Y Y Y Y Y Y Y Y Y
Inner Layers Y N N Y Y Y Y N Y Y N N Y
Miscellaneous Image L ayers Y N Y Y N Y Y N Y Y N Y Y
DFX Analysis Y Y Y Y Y Y Y Y Y Y Y Y Y

Table 1- CompletenessCriteria




Revision Control of Data

IPC-D_325 documented the methods for handling revision control of Grade A and B documentation
packages. There needs to be a method to handle revision control of data files. The IPC-2611 documents
how to handle revision control of data using examples and placeholders from the IPC-2581 format.

Data file revision control follows the same principles as those defined for te hard copy or electronic
document release systems. In a structured format the release data element consists of attribute that define
the requirements for the release condition. The file Revision ID shall be according to the details defined in
table 31. The label attribute is useful when applied to a branch head to associate a file that has special
significance such as when the file is applicable, (after a number of units). See Figure 3-7. In addition, it
may also be useful to populate the Software Package element as some revisions are not always backward
compatible.

Next Steps

Encourage your company to migrate from documentation to data for documentation packages. Make
requests to your CAD supplier to support automated data export in a supported standard format wherever
possible. The preferred method is to provide data in the IPC-2581 convergence format but other
documented formats, such as IPC-D-325, IPC-2511(GenCam), can describe the board, assembly and
electrical test in complete form. Other forms of electronic data are also useful provided the receiver can
read thefile. i.e., Gerber plot data or Excellon NC data.

Volunteer to become a member of the 1-14 Documentation Subcommittee and help move the
Documentation Package into the new era of Data Exchange.



Documentation
Standards

- ASSOCTATION CONNECTING
[ ELECTRONICS INDUSTRIES




What's Involved In the
Package

m Fabrication Drawings

m Assembly Drawings

m Bill of Materials

m Schematic or Logic Diagrams
m Wiring Diagrams

m Specification Control Drawings
m Electronic Data

m Mechanical Drawings
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Minimum Drawing Requirements

The documentation of a printed board
assembly consists of several drawing
types that are included or referenced In
the documentation package.

All drawings are not always supplied to
the fabricator or to the assembly
company,; however, the designer must
have a good understanding of the
minimum information necessary to
convey the design intent.

m |[PC-D-325 being revised




ASSOCIATION CONNECTING
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The IPC-D-325 defines three types of
documentation packages. These are:

Class A: Minimal Documentation - This Is

usually used for internal use and consists
primarily of a copy of the layout and artwork
In hard copy or NC format. The information
requires a great deal of coordination
between the design and manufacturing
disciplines. Notes on the layout convey
much of the needed information. Class A
documentation requires the use of a
manufacturer that can produce a functional
product from the information supplied.
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Class B: Moderate Documentation -This
iIncludes a complete board description
without information as to the manufacturing
allowances that are included in the design.

2 The parts list and assembly drawing are

also supplied to the assembler. CAD data
on conductor routing describes the
iInterconnectivity of the circuit and is used by
the manufacturer to derive electrical test
data. A schematic, logic diagram, or net list
may also be supplied. Class B
documentation requires working with a
manufacturer and assembly company that
has a strong CAD/CAM background and an
understanding of what the designer expects.



MNNECTING
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Class C: Full Documentation % This

Includes a complete procurement package
that may be sent to multiple suppliers with
each producing an identical part. The data,
as a minimum, the master drawing, the
assembly drawing, bill of material (BOM),
schematic or logic diagram, test specs,
artwork in hard copy and electronic form,
and an electronic description of the design.
In addition, a panel layout may also be
Included, especially if the assembly is to be
built in panel format. The tooling features
are defined and located and manufacturing
allowances included in the design are
identified.




IPC-2610 replacing D-325

IPC-2611 - Generic Requirements for Electronic Product
Documentation

IPC-2612 - Sectional Requirements for Electronic Diagramming
Documentation (Schematic and Logic Descriptions)

IPC-2613 - Sectional Requirements for Assembly Documentation
(Electronic Printed Board and Module Assembly Descriptions)

IPC-2614 - Sectional Requirements for Board Fabrication
Documentation (Printed Circuit board Description Including
Embedded Passives)

IPC-2615 - Sectional Requirements for Dimensions and Tolerances

IPC-2616 - Sectional Requirements for Electrical and Mechanical Part
Descriptions (Specification and Source Control Part Descriptions)

IPC-2617- Sectional Requirements for Discrete Wiring
Documentation (Wire harness, Point to Point and Flexible Cable
Descriptions)

|IPC-2618 -Sectional Requirements for Bill of Material Documentation
(Complete Listing of Parts, Materials, and Procurement Documents)




IPC-2610 Classification
Documentation
Package Grade Requirements
m Grade A A B C
« All hard copy; 1“‘3’5;t§“%
completeness 1,2 and 3
m Grade B 30%- 80%
Electromc_
+ Mixed hard copy and Documentation | 6970 - 199%
electronic data,
completeness 1, 2 and 3 60 - 90 %
Hard Copy
m Grade C
= All electronic data,
completeness 1, 2, and 3 10% - 60%
Hard Copy
%% - 40 %
Electronic
Documentation
10 - 40%0
( 'Pc Data
[ ELEGTRONICS INDUS TRIES




Completeness Criteria

Name Full Design Fabrication Assembly Test

1 2 3 1 2 3 1 2 3 1 2
Hierarchical layer/stack instance files Y N Y N N N N N N N N N
Hierarchical conductor routing files Y N Y N N N N N N N N N
BOM (Components and Materials) Y Y Y Y Y Y Y Y Y Y N Y
AVL (Components and Materials) Y N Y Y N Y Y Y Y Y N N
Component Packages Y Y Y Y N N Y Y Y Y N Y
Land Patterns Y N Y Y N N Y N Y Y N Y
Device Descriptions Y Y Y Y N N N N N Y N N
Component Descriptions Y Y Y Y N N N Y Y Y N Y
Soldermask; Solder Paste Legend Layers Y N N Y Y Y Y Y Y Y Y Y
Drilling and Routing Layers Y N N Y Y Y Y Y Y Y Y Y
Documentation Layers Y Y Y Y Y Y Y Y Y Y Y Y
Net List Y Y Y Y N Y Y N Y Y Y N
Outer Copper Layers Y N N Y Y Y Y Y Y Y Y Y
Inner Layers Y N N Y Y Y Y N Y Y N N
Miscellaneous Image Layers Y N Y Y N Y Y N Y Y N Y
DFX Analysis Y Y Y Y Y Y Y Y Y Y Y Y




Drawing Definition

The master drawing (Fabrication
Drawing) describes the unpopulated
printed board and all the features that
become a part of the board. Usually it
IS for a single board even though the
board will be built as a panel by the
board manufacturer. The assembly
drawing defines the location of all the
components that are associated with
the assembly.

TION CONNECTING
| ELECTRONICS INDUSTRIES



Data

m Intelligent information that may
be used directly by machine in
order to accomplish a particular
manufacturing event.




Drawings

m Hard copy or un-intelligent
documentation (example pdf
etc.) to which all formatting
criteria applies.




Supplier

m The organization or company
responsible for providing the goods
and/or services required to produce
an electronic product which includes
physical items as well as
Intellectual/software characteristics
and Is documented as either user
procurement, supplier data or
contractual agreements.

- ASSOCIATION CONMNECTING
| ELECTRONICS INDUSTRIES



*User

m The individual, organization,
company or agency responsible for
the procurement of
electrical/electronic hardware, and
having the authority to define the
class of equipment and any variation
or restrictions (l.e., the
originator/custodian of the contract
detailing these requirements).

- ASSOCIATION CONMNECTING
| ELECTRONICS INDUSTRIES



JISSO

m Interface and Solution technology
between user and suppliers for
Interconnecting, assembling,
packaging, mounting and
Integrating system design. JisSso
concepts contain both functional
and physical technology.




Jisso Level O —
Intellectual Property

m The intellectual property of an item pertains to
the idea or intelligence imported or described
In a formal document, design entity or patent
disclosure. The information may be in hard or
soft copy and can include computer code or
data format as a part of the descriptive
analysis. The characteristics are described as
to their physical, chemical, electrical,
mechanical, electromechanical, environmental,
and/or hazardous properties.

4] i
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JISso Level 1 —
Electronic Element

m Bare die or discrete components
(resistor, capacitor, diode, transistor,
laser), with metallization or
termination ready to be mounted
This can be an IC, or discrete
electrical, optical or MEMS element.
Individual elements cannot be further
reduced without destroying their
stated function.

- ASSOCIATION CONMNECTING
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Jisso Level 2 —
Electronic Package

m A container for an Individual Electronic
Element or Elements which protects the
contents and provides terminals for
making connections to the rest of the
circuit. The Component Package outline
IS generally standardized. The
Component Package may function as
electronic, optoelectronic, or Micro-
Electro-Mechanical- Systems, and may In
the future include Bio-electronic sensors.

ASSOCIATION CONNECTING
| ELECTRONICS INDUSTRIES



JISso Level 3 —
Electronic Module

m A sub-assembly with functional blocks
which consist of Individual Electronic
Elements and /or Component Packages.
An individual module having an
application specific purpose including
Electronic, Optoelectronic or Mechanical
(MEMS). The module generally provides
protection of its elements and packages,
depending on the application.




JISs0o Level 4 —
Electronic Unit

m A group of functional blocks that have been
designed to provide a single or complex function
needed by a system in order for the system to
serve a specific purpose. The Electrotechnical
Assembly may consists of Electronic Elements,
Component Packages and/or Application
Specific Modules. The function of the
Electrotechnical Assembly may be electronic,
optoelectronic, electromechanical, or mechanical
or any combination thereof. The function may in
apc the future include bio-electronic applications.

ASSOCIATION CONNECTING
| ELECTRONICS INDUSTRIES



Jisso Level 5 —
Electronic System

== m A completed, market ready, unit dedicated to
' combining and interconnecting functional
block(s). The functional block(s) generally
consist of Electrotechnical Assemblies, but may
also include Application Specific Modules,
Component Packages or Electronic Elements .
The System Product may include the cabinetry,
the backplane into which the Assemblies,
Modules, Packages or Elements are inserted
and the cabling (electrical, optical, or
mechanical) needed to interconnect the total
functional block(s) into a configured system.

0N CONNECTING
| ELECTRONICS INDUSTRIES



Jisso level hierarchy

~ ASSDCIATION CONMNECTING
{ ELECTRONICS INDUSTRIES




Electronic Diagrams and BOMSs

A reference designator is used to
coordinate the part identification and
location to the electronic diagrams
(logic or schematic), and the parts list
(BOM). The BOM may be supplied as
a computer listing (excel spread
sheet)since the electronic forms are
often used to tie in to the material
ISsuing system of the assembler.

[ ELECTRUNICS INDUSTRIES



Minimum Drawing
Reguirements

In the United States, drawing size
formats are governed by ANSI Y14.1
and come in multiple sizes identified by
the letters A, B, C, and D. The A size
drawing format is 8 %2” x 11”. The next
letter is B (i.e., 11" x 177).

Size Cis 17" x 22", and D size Is 22" x
34”. There are also E and F sizes, which
may be used when appropriate.
Generally, multiple sheets of the D size
drawing sizes are preferred over going
to the larger sizes.

TION CONNECTING
| ELECTRONICS INDUSTRIES



ON CONNECTING
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Minimum Drawing
Requirements (cont.)

Automated data is encouraged wherever
possible. The preferred method is to
orovide data in a neutral standard format.

PC-D-325, IPC-2511(GenCam), IPC-
2581 (Offspring of ODB++ and GenCAM)
can describe the board, assembly and
electrical test in complete form. Other
forms of electronic data are also useful
provided the receiver can read the file.
l.e., Gerber plot data or Excellon NC data.




.......
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Minimum

Reqguirements for

Master Drawing

The master ¢

rawing Is used to

describe the

printed board.

dimensional

pare (or unpopulated)
It shows the

Imits or grid locations

that are applicable to any and all
parts of a product to be fabricated.
This includes the arrangement of
conductors and nonconductive

patterns or elements, the size, type,

and location of all holes, and any

other necessary information



Minimum Reqguirements for
Master Drawing (cont.)

The master drawing identifies
the locations of the datum
reference planes and the
coordinate dimensioning
system for the board. This
iIncludes the relationships of the
three datum planes (primary,
secondary and tertiary) and the
X, Y, and Z coordinate axes.

[ ELECTRUNICS INDUSTRIES



Datum Reference Frame

Direction of
Measurements

/—— QD‘\#

Mutually perpendicular
planes

~ ASSOCIATION COMNN ECTING
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Minimum Reqguirements for
Master Drawing (cont.)

These conditions are usually
established with the printed board
oriented such that the side of the
board on which the components are
mounted Is facing up. Since boards
now have components on both sides
the designer determines which side
Is facing up, and that side becomes
the primary side. The backside of
the board Is therefore the reference
for the primary datum plane.

[ ELECTRUNICS INDUSTRIES



Datum Reference Frame to
Printed Board Relationship

[©]

IPC-2615




Datum Reference Frame to
Printed Board Relationship

N

o ’
g . Datum planes
_ origin of
Datum axis 1 measurement

T
‘} o % o0 Datum axis




Minimum Reqguirements for
Master Drawing (cont.)

—eatures of the board are used to
ocate the datum planes. The
nackside of the board Is the feature
that establishes the primary plane.
Secondary and tertiary planes can
established using holes, symbols, or
fiduclals or board edges. Itis
preferred to use the features critical
to mounting the board in its final

pc package to establish datum planes.

ASS0C ON CONNECTING
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Datum Identification Examples
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DATUM LINES OUTSIDE
OF BOARD
(VERY SMALL BOARD)



Minimum Reqguirements for

Master Drawing

When a feature, or
pattern of features,
IS controlled by a
geometric tolerance
and the feature is
also intended to
serve as a datum
feature, the feature
control frame and
the datum feature
symbol are
combined.

(a) gﬂﬁm Multiple datum
reference primary
005] A-D
(b) Two Primary
Ee?’teur?nces \ Secondary
0256 |AIE®
(a) ghree Primary
reafTéurglnc:es Secondary
\XTertiary
#04®JAIBIC




Minimum Reqguirements for
Master Drawing

There are classes of master drawing
completeness just as there are
documentation completeness
requirements. A complete disclosure
master drawing provides information
on all the board details including,
dielectric separation, overall thickness
and tolerances, and allowable bow
and twist of the final product. The
requirements are defined in the IPC-
2611 and flow down to the IPC-2614.

.......
| ELECTRONICS INDUSTRIES
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Minimum Reqguirements for

Master Drawing

Material descriptions include the
base material, conductive and

non-conductive properties as well
as the plating, coating, and
marking ink requirements.

Conductors and hole requirements

are documented. This includes
shape, arrangement, and

acceptance criteria.




Minimum Reqguirements for
Master Drawing

|dentification and traceabillity
requirements are defined and all
process allowances that were
used In the design are detailed,
such that the manufacturer doesn'’t
have to guess that they have the
correct precision equipment
needed to produce the part.

TION CONNECTING
| ELECTRONICS INDUSTRIES



Characteristics

Requirements

A, Board Details 1. The type, size and shape of the printed board and all iclerance conditions thereof.
2. Diglectric separation between layers.
2. Bow and twist allowances.
£ Owerall board thickness requirements including tolerances.
8. Materialz 1. Type class and grade of materal, including color if applicable.
2. Plating and coating maternal{s) type and thickness{es].
2. Marking inks or paint and permanency.
. Hole Detailz 1. The size, location and tolerances for all holes.
2. The plating reguirements for all holes.
2. The hole cleaning reguirements including if etchiback is required or permitied.

D. Conductor Definition 1. Shape and arrangement of both conductor and non-conducior patterns on each layer
of the printed board. (Paper or film copies of the production master{s) or copies of
artwork may be usaed to define these patterns.)

2. Electronic data may be supplied, in lisu of reproductions {(as noted above), refer 1o
Tahle 4-1, Figure 4-1, and 4.2.3.

2. Conducior width and spacing on the finished printed board.

4. Dimensions and tolerances for critical patiermn features which may afect circuit
performance.

5. Conductor layer identification starting with the primary side, the next conductive layer
zhall be Layer 2. (For assemblies with components on both sides the most complex
or denssly populated side shall be Layer 1.)

E. Marking 1. Printed board identification marking.

2. Layer identification - revision {(oplional).

2. Size, shape and location of reference designation and legend marking, if required.

4. Traceahbility marking and/or date code and serial number (when required).

5. Location and =size requirements for fabricator's 1.D., UL, ESD marking and cage code.

F. Proceszing Conditions 1. Processing allowances that were used in the design of the printed board, including but
not limited fo:

a. Conductor width allowance

b. Conductor spacing allowancs

c.  Landhole fabrication allowance

d. Soldsr maszsk or cover layer registration allowance
2. Applicakle processing specifications.
2. Location of quality conformance coupons or circuitry.

=. Design Concepis 1. Maximum rated voltags (maximum voltage betweasn two non-connected adjacent
conductors with the greatest potential difference).

2. ldentification of testing and i=st point locations (when applicable).
2. Modular grid systemiz) used:
a. Metric grid - 2.0, 1.0, 0.5 or multiples of 0.1 mm
b. Inch based grid - 0100, 0.050, 0.025 or muliiples of J.005% inches

H. Documentation 1. Terms uzed on the master drawing shall conform to this standard and |PC-T-50.

2. Motes either included on the first sheet{s) or location of notes specified on the first

zheeat(s)




[ ELECTRUNICS INDUSTRIES

Minimum Reqguirements for
Master Drawing

If a lesser master drawing Is
produced the liaison and
understanding between the design

and manufacturing disciplines
Increases dramatically.

Nevertheless, a good working
relationship can overcome many
shortcomings in the documented
requirements.



Master Drawing Hole and
Conductor Description

The master drawing defines all the
physical characteristics of the printed
board. The description starts with the
definition of the individual conductive
layers that compose the board. Layer
1 is the first layer closest to the primary
side and usually has many lands for
component mounting. The lands may
circumscribe a hole for through-hole
components or be without a hole as In
the case of surface mount lands.

.......
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Viewing Primary Side

Conductive

Viewing
of
Primary 2-Sided Board
L ayer an d Viewing Primary Side
Subsequent
Layers

Multilayer Board

Note: Forthose printed board assemblies that have
components on both sides, any side may be

designated as the primary side and used to
define Conductive Layer 1
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Master Drawing Hole and
Conductor Description

Conductors may also be included on layer 1.
The conductor definition, arrangement, and
relationship to holes that are either part of the
circuit or used for physical mounting must
also be defined. Thus the shape and
arrangement of both conductive and non-
conductive patterns must be described for all
the layers of the printed board. This may be
accomplished using paper or film copies of
the production master(s) or copies of the
artwork if artwork is supplied with the
documentation.




Master Drawing Hole and
Conductor Description

There are separate views of each
layer and the conductor width and
spacing is indicated. The conductor
width and spacing is usually
specified through a note, or for
critical areas of the circuitry through
a specific dimension and tolerance.
In many instances finishec
conductor width and clearance is
defined as a least material condition
that is acceptable for design
performance.
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Master Drawing Hole and
Conductor Description

As an example a minimum
conductor width might be defined as
being 0.25mm [.010”]. Some define
the conductor width using a range,
l.e. 0.20-0.25mm [.008"-.0107]. In
either case the manufacturer selects
the target value that he thinks the
designer wishes to achieve and tries
to come as close to that condition as
possible.

TION CONNECTING
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Master Drawing Hole and
Conductor Description

Processing allowances should also be
defined on the master drawing. This is
especially important when providing CAD
data which indicates absolute location of
the conductor arrangement. If two parallel

conductors are routed on a 0.smm [.020"]
grid a good explanation of process
allowance would be that there is 0.1mm
[.004”] allowance between a minimum
conductor 0.2mm [.008”] wide and a
minimum spacing of 0.2mm [.008"]. The
manufacturer can now adjust his process
to meet the required conditions and
compensate conductor size for his

fabrication allowances.




Master Drawing Hole and
Conductor Description

m One problem exists In that the
tolerances are assigned to
conductors while the surface mount
lands are often neglected. While the
manufacturer is concentrating on the
minimum conductor, the lands that
should be at maximum material
condition also come out smaller than
required thus reducing the
opportunity for a good solder joint.

oM Co CTING
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Master Drawing Hole and
Conductor Description

m Therefore, conductor definition
should provide the target values for
lands and conductors on each layer.
This would usually be least material
condition for the conductor (LMC)
and maximum for the lands (MMC)
to get good solder joints on the
surface and no hole breakout on
Internal layers

TION CONNECTING
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Master Drawing Hole and
Conductor Description

m Holes are also defined on the master
drawing. This includes the location
and whether the hole Is unsupported
or has plating in the hole. Although
there should be an awareness of the
drill size that should be used, it is
usually best to only specify the range
for the hole diameter in terms of
LMC and MMC.

0N CONNECTING
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Master Drawing Hole and
Conductor Description

The master drawing also describes the
minimum plating thickness that must be

iIncluded in the plated-through hole to
meet the reliability expectations of the
design. The process allowance that was
Included Iin the hole to land calculation is
also an important piece of information
needed to determine the registration
requirements so that holes do not break
out of their circumscribing land.




Printed Board Profile
Dimensioning and Tolerances

The master drawing defines the
physical outline of the printed board as
well as the conductive patterns and
holes. This includes the printed board
profile, construction in terms of
dielectric spacing and thickness, and
cutouts and notches included in the
periphery of the finished board.

0N CONNECTING
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Printed Board Profile
Dimensioning and Tolerances

m All mechanical dimensions are
related to the datum reference of
the board. Thus the circuit pattern
and the board outline originate
from the same location; their
definition and tolerances describe
the allowable variation.
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Printed Board Profile
Dimensioning and Tolerances

Dimensions usually start from datum
zero-zero. It is important to realize that
when using coordinant tolerancing
methods an accumulation of tolerances
can result. When one feature location
IS dimensioned from another and a
third feature i1s dimensioned from a
second, the chain of dimensions all
bring with them the allowable variation
that can occuir.
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Printed Board Profile
Dimensioning and Tolerances

This incremental dimensioning is not a
preferred method since the distance
between the first location and the last
location can vary by the total accumulation
of all the members of the chain. Therefore
most dimensioning techniques start at
datum zero and provide information in
either X or Y axis to the individual
locations and where required make
reference to other datum’s or datum
planes.
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Printed Board Profile
Dimensioning and Tolerances

m One popular way to control the
board outline Is to use the Geometric
dimensioning and tolerancing
technigue of profile dimensioning.
The ASME Y14.5M symbol for
defining the profile of a surface is a
horizontal crescent (a straight line
connecting to an arc above the line).
This symbol is used Iin a feature
control frame when describing
features of the geometric tolerances.
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Printed Board Profile
Dimensioning and Tolerances

The use of profile symbols can be
further defined by a symbol that
Indicates that the profile tolerance
applies to surfaces all around. This
Indicator Is a circle that is located at the
junction of the leader from the feature
control frame. The board outline as a
feature is controlled in relation to the

primary, secondary and tertiary datum
planes.
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Printed Board Profile
Dimensioning and Tolerances

m There are many ways in which the
master drawing can control the
position of features and their
tolerance. Each technique is
predicated on the need to control
the dimension and to what degree.
It Is a good practice to be as
liberal as possible in the range of
allowable variation.
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Printed Board Profile
Dimensioning and Tolerances

Board manufacturers will adjust
tooling to accommodate the
requirements. These will be
checked as the first boards are
produced. After initial first article
approval, the tooling and tool
maintenance control the end
results.




Tooling Hole Location
Documentation

The term tooling feature Is
more generically correct to
define any physical feature
that I1s used exclusively to
position a printed board or
panel during the fabrication,
assembly, test, or inspection
process.
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Tooling Hole Location
Documentation

With the increased use of vision
systems in the manufacturing
discipline, the whole issue of who owns
the tooling concepts becomes a bit
clouded. Before a design is committed
to manufacturing a clear understanding
and agreement Is required to address

all the goals of the various parties
Involved.




Tooling Hole Location
Documentation

The first step of the process is the design
of the single iImage board. The tooling
feature(s) are normally on the board, and
may be holes, registration symbols, or
fiducials. The reason they are on the
board Is so that when all processing Is
complete and the customer is holding the
final product in his hand he can identify
any location on the board in relation to the
Zero-zero origin that is established by one
of the tooling features.
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Tooling Hole Location
Documentation

Inspection, field maintenance, and
handbook references find the tooling
feature on the board most helpful to orient
the operator in the function being
performed. When boards are very dense
with circuitry or very small there may be
no room to have the tooling features
located on the board. In these instances
the zero-zero origin is off the board and a
secondary location identified for visual
orientation. Many times marking ink
provides this function.




Tooling Hole Location
Documentation

P8 The board manufacturer repeats the single
L IMage on the production panel. The number
A4 of times that the board can be reproduced is
a function of the board to panel size. Original
tooling features that are part of the design are
maintained, but are not used as a part of the
manufacturer’s tooling system (which many
times Is optimized through the panel center to
spread the material movement potential over
the entire panel evenly instead of just coming
from one edge).
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Tooling Hole Location
Documentation

The board manufacturer adds his
own tooling features and only uses
the original design tooling features to
establish the relationship between
and within board images. If the
board manufacturer separates the
boards to be delivered to the
customer from the panel, they might
use original tooling features to
position the boards during electrical
continuity testing of the bare board.
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Tooling Hole Location
Documentation

The most significant change in the
iIndustry Is the automation used to
assemble products and the need of
the assembler to have well thought
out tooling schemes that match the
capability of their equipment. Many
conveyor systems have positive
stops that require holes in the panel
or that use the panel edges to obtain
the original location of the product.
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Tooling Hole Location
Documentation

Vision cameras then look for
symbols that help identify more
precise locations to correctly
mount parts. Additionally, once
the assembly Is completed tooling
holes are usually used to position
the assembly In the in-circult test
fixture. All these conditions should
be taken into account and fully
documented in order to achieve
the best coordinated results.




Need for Panelization

m Boards are built in panel format

m Assemblies are built in panel
format

m Issues of responsiblility are not
clear

m Designers should take charge
as the conduit between
engineering and manufacturing
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Need For Intelligent Data

Highly Organized, Integrated,
Related, clear

I

Flat, dumb, vague, assumptions

IPC-2581

GenCAM, EDIF, AP210, IPC350

EDA DBs, Alg, Men, RR, ...

CAM DBs, GenCAD, PDW, FATF,ODB++

BOMSs, CPLs, Netlists

Gerber, drill,

Plots ... HPGL, PS, PDF, ...

Phone calls, paper






Vector and Raster
Representation

~ ASSOCIATION CONNECTING
| ELECTRONICS INDUSTRIES
e ——




Gerber Format
Resultant Plot
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Titles and Content

Part # Description Purpose

| PC-D-350 Printed Board Description Artwork and board description
in Digital Form records

|PC-D-351 Printed Board Drawingsin Schematic drawing, master
Digital Form drawing, assembly drawing,

and miscellaneous part
drawing records

| PC-D-352 Electronic Design Data for Electronic description and bill -
Printed Boardsin Digital of-material records
Form

|PC-D-353 Automatic Test Information Electronic assembly testing
Description in Digital Form format records

|PC-D-354 Library Format Description External and internal library
for Printed Boardsin description records
Digital Form

| PC-D-355 Printed Board Automated Assembly data description
Assembly Description in recor ds
Digital Form

| PC-D-356 BareBoard Electrical Test Bareboard testing for mat
Information in Digital Form records

|PC-D-357 Automatic Optical AOI format records
I nspection Information in
Digital Form

|PC-D-358 Guidefor Use of Digital | PC-D-350 User’s Guide

Descriptions of Printed
Boards
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History and Status

1972
Released IPC-D-350
“Printed Board Description
in Digital Form

!

1975
Revision “A” released
(Contractsled by U.S. DaD)

Approved for useon
U.S. DaD contracts
required by MIL-STD-275

l

v

1985
Released |PC-D-351,
“Drawingsin Digital Form”

1977
Revision “B” released
(IPC agreesto make no
changesfor 5years
to allow companies
to develop CAD iinterfaces

Working Group 6 draft
developed after several
meetings suggest circulation
to National Committees
as U.S. proposal

!

1985
Released |PC-D-352,
“Electronic Design Data
Description for Printed
Boarpsin Digital Form”

1985
“1PC-D-350B” reaffirmed
without change

v

!

52 (U.S.A) 122 Draft sent
to Geneva for circulation




History and Status (Continued

1986 1987 52 (U.S.A.) 122A updated
|PC-D-351 and | PC-D-352 Start work on Revision ; draft to reflect agreements
approved for use by DoD “C” of IPC-D-350. on Revision “C” of
»L approvedfar ly 1988 | PC-D-350
b
1987 TC52 agreesto circulate
|PC-D-354 “Library Format 1989 as Secretariat draft under
Descriptionsfor PW Board Release Revision “ C” accelerated procedure at
Digital Databases approved’ May 1988 meeting in
l l Stockholm
1988 1990 J(
Start work on | PC-D-353, Start work on Users 1990
“ Automatic Test Information Guidel PC-D-358 Japan suggeﬁg Improvements
Description in Digital Form” l new basic format
1990 1991 1.992 .
Industry certificationto  |«—— Revision “D” Released |———> Release of international
| PC-D-350C July, 1992 document 1EC 1182-1
l approved
)
1994
Release of Test Standard
IEC 1182-7
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International Strateqy

IPC IEC Record Description
Publication Publication
D-350 1182-1 Artwork records
D-350 1182-1 Board description records
DG-358 1182-2 Guide for digital descriptions
D-351 1182-3 Schematic drawing record
D-351 1182-3 Master drawing records
D-351 1182-3 Assembly drawing records
D-351 1182-3 Miscellaneous part drawing records
D-352 1182-4 Electrical description records
D-352 1182-4 Parts list records
D-354 1182-5 Library description records
D-355 1182-6 Assembly description records
D-356 1182-7 Bare boards electrical test description records
D-353 1182-8 Automatic test information
D-357 1182-9 Automatic optical inspection records
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Hierarchy of Data

JOB

DIM K External subroutines

998 End of external subroutine
DIM L Internal subroutine

997 End of internal subroutine
DIM G Electrical description
DIM A Artwork
DIM B Boards
DIM C Schematic
DIM D Master drawing
DIM E Assembly Drawing
DIM F Parts
DIM F Parts
DIM F Parts

999 End of job




Basic Record Entities

@ Command Data - commands to the
program or provides operation codes

m Feature Descriptions - provides detall
iInformation for various features identified
by the command data

m Location Descriptions - describes the
positioning of features

m A User Area - contains any alpha-
numeric indicating a sequence or number
specified by the user

4] i
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Major Record Types

m Parameter Record

m Feature/location Record
= Line
= Point
= Annotation

m Comment Record

m Subroutine Record

m Subroutine Call Record
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Parameter Records

Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter

Parameter

JOB

DIM (Data Information Module)
UNITS

TITLE

NUMB (Number)
REV (Revision)
TOL (Tolerance)
SCALE

LAYER

FAB (Fabrication)
LANG (Language)
IMAGE



Feature Descriptions

A point record may have:
e Feature and hole concentric at the point

e Feature only at the point

Hole only at the point

Tooling feature and hole at the point

Tooling feature only at the point

Tooling hole only at the point

_ ASSOCIATION CONNECTH
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Feature Descriptions (Cont.
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Subroutines
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JPCA Initiative (IEC 61182-10

New Work Item Proposal (NWP) submitted to IEC TC52 by Japan
National Committee

(Sponsor is Japan Printed Circuits Association)
Committee developed to elevate CAD to CAD transfer
- Chairman Mikio Takagi, Institute of Industrial Science

Sony Hitachi Software Kyoden
Zuken (REDAC) Tokyo Inc.. Sharp
Fujitsu Pentax Unitech
Dai Nippon Screen Mentor Graphics Japan  Ohron
NEC Yokogawa Digital Co.. Sowa
CAD Japan Uchida - Yoko SUD
Toshiba Cadence Design Sys. Cadix

lzumia IC Recal Redac-Japan Hitachi
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IEC 61182-10 File Structure

Category Name
(Filename Extension)

Content

File Control Information
(FIL)

eInterface control info (format name,
version, output category list, date)

Management Information
(MNG)

sInformation for CAD data management
(board name, name of drawing,
Identification number)

Technology Information
(TEC)

Board characteristics (board size,
number of layers)
*Design spec. (clearance, line width)

Net Information
(NET)

*Net information
«Signal attributes (routing limitations)

Component Information
(ELM)

sComponent description (component
Identification number, component type,
assembly process, catalog number)




IEC 61182-10 File Structure

Category Name
(Filename Extension)

Content

Primitive Figures Library
(FLB)

sFigure-shape library (definitions of pads)
*Hole library (definitions of holes)
«Stack library (registration of pins and vias)

Part-shape Library
(PRT)

*Part shapes (outlines, pins location, symbol
patterns, inhibited areas, character strings)

Component Placement
Information
(PLC)

sIncluded components (identification number,
registered part-shape name)

Component locations (coordinates, rotation
angles, placement layers)

Figure Information
(FIG)

*Description of patterns, vias, characters and
other figure information)

*Description of figure attributes (line types,
line widths, logical layers, paint-ins)

Back-annotation Information
(BAI)

*Description of addition/change/deletion
information of components

*Description of addition/change/deletion
information of component-pins




IEC 61182-10 File Structure

- ASSDCIATION CONMEC TH e
| ELECTRONICS INDUSTRIES
e ——




Specified Primitives
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Component Description
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Statement—

Statement—]

Statement___|

Format Structure

Keyword --------- Reserved word

Parameter----

Parameter

Parameter

-

e e e e

r----

Numerical values

---- Character strings

Reserved words

Formatted descriptions

Fixed format messages

b Dimensional unit



ANSI Harmonization

e American National Standards Institute

« The Standard Developers

- EIA - IPC - CFlI

- NIST -IEEE - ASMI - Others
« The Standards

- IGES - CFIDR - Others

- EDIF - VHDL

- STEP AP210 - VERILOG

- STEP AP211 - IPC-D-35X
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The Harmonization Process

Gather Federate Test Harmonize| |[Submit Integrate Insertion

Develop Data M odel Repository
Define Classification Scheme
Collect Test Vehicles

Provide Support Infrastructure
Develop Data M odels
Construct Database from Federated M odel
Run Test Cases
Report Progressto HPS
Educate
Establish MOUs
Develop Application Protocols

@ | dentify Data Voids
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Federated Model Harmonization

First Convergence Efforts
1992

~

erge IMsof IGES
VHDL, IPC, EDIF |—
Into Federated Mod

J

4 N
Test/Validate with
| CDIMgApsfor [~
PWA Lifecycle
Coverage

Draft Int’|
Std AP
for PWAS

0
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International Electrotechnical

Commission Committees

L' N aTC3 Symbology
7 mTC52 Printed Circuit
m TC93 Design Automation

= WG1 - Electrotechnical Data Harmonization

+= WG2 - Component, Circuit and System
Description Languages

+ WG3 - Electrotechnical Product Design
Interchange Formats

= JWG11 - Printed Board Electronic Data
Description and Transfer

+= WG5 - Testing and Data Conformance

4] i
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Data Transfer Techniques

m Gerber Machine Language the start
m Gerber Data Still the Norm

m Data not Consistent from Different
CAD Systems

m Many Problems With Large Files

m Many Problems with Line Drawn
Features

m Test Information Tools not always
correct



Current Realities

- Better Design Tools - CAD & CAM

- Better Manufacturing Tools - CAM

- Better Electronic Communication

- Internet-WWW-High Speed Modems

- Better Understanding Capabilities (SPC)
- Greater Expectations

- Old-Fashioned Data Transfer

- Quick-Turn Environment - 10 day turns

- New formats address the above Issues




Industry Complacency

- Competitive stature - No Complaints
Extra costs - Hidden or built-on
. CAD Vendors have had no incentive

- The Printed Board and Assembly
Companies made it work

- CAE and Engineering has the spotlight

- Slower speeds, less dense, Designs
weren’t as critical



Industry Complacency

- CAM tools were able to “Reverse
Engineer”’ from artwork

Manufacturing wasn’t as sophisticated

Large OEMs have their own point
solutions

—Dollars Invested

— Changing OEM/contract
manufacturing environment




In-House Development- Past

Drawings

Design
Fabricate
Assemble
Mock-Up
Test
Burn-in
Ret esl Materials
Ship e

Product
Development
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Partnered Development

Design
" Assemble

Qutsource
Fabrication

In-Circuit Test

& Rework
|n-house Test
Development Board

Qutsource Fab
Fixture Build

Final Assembly
ape & Test

ASSOCIATION CONNECTING

Design

Assemble
TeSt Layout




Distributed Development-
Present
" Board
DeSI gn Layout Fab
Qutsource 4
Board Fabrication /e Design
Fixture & Prototype
PI’ OtOtype TeSt Program | & InCircuit
Test Development wire 2 N
Qutsource
Fixture Fabrication Board
Outsource proauct| Assembly
Board Assembly
Outsource Azsgg?b'y
|
Final Assembly P
@
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Sarah Lee Development-

)Jutsource
Design
)Jutsource
Fabrication

)utsource
Test

Devel opment

Jutsource

Assembly &

Test

Design
& Proto

Board

Future

Research

Requirements & Market

Product

Assembly
& InCircuit
Test

Components

Final
Assembly
& Func.
Test




Data Transfer Solution

A continuous program to serve the data
transfer needs of the Electronics
Interconnection Industry and its’ customers

o Parses large data files into Process
Oriented Segments

 Promotes user oriented ASCII formatting

e Establishes Compliance Test Modules for
data verification

 Encourages International participation
through the IEC




The GenCAM Initiative

m Start a program to address the Data
Transfer Solutions (DTS) such as DTS '97,
DTS '98, DTS '99, DTS '00, DTS '01, DTS
'02.....

m Closely coupled to the IEC 61182-10
format developed by the JPCA

m Builds on the capabillities of Mitron/IGl, two
CAM providers who would help provide input

m An |IPC committee and subcommittes open
to users, manufacturers, assemblers, testing
experts and CAD/CAM tool developers.
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Benefits of IPC-2511

m Saves Time decreases time to market
m Better quality - less misinterpretation

m [mproves communication among
members of the supply chain

m Easy to use - less time to train
+ less time to implement
m ANSI standard owned by the industry
m Reduces data transfer time & confusion
m Method for improvement feedback
m Establishes capability for a single file




Partial Summary of IPC’s data
exchange efforts

= % N u IPC has a long history of focusing on
the data exchange problem

=Educating the industry about
advantages of replacing Gerber for
more than 30 years

= |PC D350 standard released in the '70’s
+|PC D356 BBT released In late '80’s

=|PC-2511 (GenCAM) development
started by DTS’97 committee in 1997




Partial Summary of Valor’s
Data Exchange Efforts

. = N Valor has been developing ODB++ format,
,_ * tools, and educating customers for the past
8 years

= ODB format and Genesis 2000 CAM software for
bare board fabrication in 1995

« ODB++ format and Enterprise 3000 DFM software
released in 1997, adding component descriptions

« ODB++ format extended again with BOM/AVL
iInformation for Trilogy 5000 CAM for Assembly in
1999

= ODB++(X) XML-based format released in 2000

+ All major EDA tools have ODB++ interfaces today
apc as well as over 20 third party software vendors

ASSOCIATION CONNECTING
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Where is the Industry now with
Data Standards?

.5 W= In spite of Valor and IPC efforts, the

g »~= majority of the Industry is still using
Gerber-based data exchange and treating
the subject with indifference despite the
costs they incur

m Industry press has created an image of
competition between the IPC and Valor,
dubbing it the “Data Format Wars”

m Some parties remain on the sidelines
seeing who will “WIN” the war

m Meanwhile, inadequacies of current
methods continue to hurt the PCB industry
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Vision Statement

m The IPC and Valor agree to best
serve the needs of the PCB
iIndustry, both parties will submit
their data exchange formats,
GenCAMX and ODB++(X), to the
NEMI VFIIP committee for the
purpose of convergence into a

single XML-based industry
standard
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Goals and Objectives

m Eliminate the use of Gerber and related
old, non-intelligent formats for data
exchange

m Unite IPC/NEMI/Valor behind a single
Industry standard for data exchange

m Make the new standard XML compliant

m Combine the best of both ODB++(X) from
Valor and GenCAMX from IPC

m Focus on providing solutions as well as
standards

m Formalize the converged standard using
ANSI procedures




| nformation Model Comparison

A ODB++ Info M odel
B GenCAM Info Model
C “New Stuff”

. Select base model . C
» Add what’s missing
» Resolve overlaps
e Where, how much ~. C S
* Names

e Structure

e Relationships

@ » References
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GenCAM-ODB++ Convergence
Valor Starting Point

@

Oct 00 Jan 01 Jul 01 Oct 01
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Convergence Project Objectives

m Develop Technical Recommendation for
CAD/CAM data exchange format geared
towards:

= \Wide adoption
= Timely deployment
m Build on strengths of current solutions:

= GenCAM
= ODB++

m Encourage early adoption &
Implementation thru tool development,
demonstrations, and partnerships with
other consortia/industry groups.



Organization/Approach

m Convergence Technical Team (CTT)

= Responsible for creating technical recommendations

« Subgroups of Technical Team will work in Parallel to
Evaluate Major sections of existing formats to determine
most efficient starting point.

= Open to All Parties with a stake in the outcome.
= Work is Internally Focused.

m Convergence Management Team (CMT)
+ Responsible that Project focus is on needs of Industry.
= Responsible for scope, timeframe, and goals of project.
= Structured membership criteria with Emphasis on the
Customer.

= Responsible for Accepting Technical Recommendation and
providing all External communications (to press, other
organizations, etc.).

- ASSOCIATION CONMNECTING
| ELECTRONICS INDUSTRIES



Convergence Success

m The best of both worlds

m Version 1.0 released February 2004
m Available for free download

m XML schema is included

m Takes advantage of the latest XML

m webstds.ipc.org web site being rebuilt
m Includes all web-based standards

m The format of choice for today and
tomorrow




IPC Number/
Function

-XXX1
Generic

-XXX2
Admin

-XXX3
Docmnt

-XXX4
Board
Fabric.

-XXX5
Bare
Bd.Test

-XXX6
Assemb
Manuf

-XXX7
Assembl
Test

-XXX8
Comp. &
Mat'l

-XXX9
Informat
Modelin

IPC-2500

Message
Broker

IPC-2510
Product Data
GenCAM

IPC-2520
Quality
Product Data

IPC-2530
SRFF Process
Data Recipe

fle-2540
Shop Floor
Communicatio

IPC-2501
Published

IPC-
2503

Workin

IPC-
2524
Publish

g

IPC-2541
Published

IPC-
2546
Publish

IPC-
2547
Publish

[PC-2550
Execution
Systems

IPC-2551
Working

IPC-2560

Enterprise
Communicatio

[PC-2570
Supply Chain
Communicatio

[PC-2580
Application
Product Data

IPC-
2577




IPC-2581 Basic Structure

+ Content E
ContentType

* LogisticHeader
LogisticHeader Type

# HistoryRecord
f IPE_ESEI E HistoryRecordType:
IPC-2581Type o

@ BomType e

* Ecad
EcadType
* Avl
@O Al Tvpe
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| ELECTRONICS INDUSTRIES




GPc
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+ Content
_ontentType

+ FunctionMode O
FunctionModeType

+ SteplListRef A
qualifiedMameType

+ LayerDescRef
qualifiedMameType

+ BomRef %
qualifiedMameType

+ AvIRef %

qualifiediameTyvpe J

* DictionaryStandard
DictionarystandardTvpe

* DictionaryUser
Dickionaryllser Type

* DictionaryFont
DictionaryFontType

* DictionaryLineDesc
DictionarvLineDescType

* DictionaryColor
Dictionary Color Type

é@@@@@@@@@

* DictionaryFirmware

DictionarvyFirnwareType

Content

References to

> sections contained

In the file

~

.

Dictionary
Sections for
predefined
shapes, fonts,
line descriptions,
color, and
firmware



Function Mode

Name Full Design Fabrication Assembly Test
1 2 1 2 1 2 1 2

Hierarchical layer/stack instance Y N Y N N N N N N N N N N
files

Hierarchical conductor routing files Y N Y N N N N N N N N N N
BOM (Components and Materials) Y Y Y Y Y Y Y Y Y Y N Y Y
AVL (Components and Materials) Y N Y Y N Y Y Y Y Y N N Y
Component Packages Y Y Y Y N N Y Y Y Y N Y Y
Land Patterns Y N Y Y N N Y N Y Y N Y Y
Device Descriptions Y Y Y Y N N N N N Y N N Y
Component Descriptions Y Y Y Y N N N Y Y Y N Y Y
Soldermask; Solder Paste Legend Y N N Y Y Y Y Y Y Y Y Y Y
Layers

Drilling and Routing Layers Y N N Y Y Y Y Y Y Y Y Y Y
Documentation Layers Y Y Y Y Y Y Y Y Y Y Y Y Y
Net List Y Y Y Y N Y Y N Y Y Y N Y
Outer Copper Layers Y N N Y Y Y Y Y Y Y Y Y Y
Inner Layers Y N N Y Y Y Y N Y Y N N Y
Miscellaneous Image Layers Y N Y Y N Y Y N Y Y N Y Y
DFX Analysis Y Y Y Y Y Y Y Y Y Y Y Y Y




Viewing Primary Side

Printed Board ™
Viewing

Conductive Layer 1

Single Sided Board

Viewing Primary Side

All layers are defined from
the “primary side” of the HDI
structure.

Conductive

The designer dictates which 2-Sided Board

side Is the primary side. Viewing Primary Side

The first conductive layer is
ayer 1, closest to the primary
side.

Multilayer Board

= Note: Forthose printed board assemblies that have
'm components on both sides, any side may be
designated as the primary side and used to
define Conductive Layer 1
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| ELECTRONICS INDUSTRIES



Standard and User Dictionaries
|:| _Stan-:lar-:lF'rlmltl'-.-'e E”__l Simple
: _E EukkerFly -l 3 Arc
~ =l Circle
- B contour ?Ebl S
- B piamond 7 2) Outline
=] Donut - B Polyline
* =] Ellipse
=] Hexagon
2l Maire [;l LserPrimitive
= Cickagon .D Simple
&l Cva A Tex
- 1=l RechCenter P _
B rectCham UserSpecial
=] RectZarner
- B rectround All Dictionary elementsare
- & Thermal Substitution Groups



GPc

ASSOCIATION CONNECTING

<EntryStandard id = "Diamond1">
</EntryStandard>

<EntryStandard id = "Diamond2">

<EntryStandard id

XML 1s Human Readable

W

<Diamond width

"10.40" height = "6.20"/>

<Diamond width ="6.00" height = "8.60"/>

</EntryStandard>

<EntryStandard id = "Donutl">

<Donut shape = "ROUND" outerDiameter = "6.8" innerDiameter = "4.8"/>

</EntryStandard>

<EntryStandard id = "Donut2">

<Donut shape = "ROUND" outerDiameter = "8.6" innerDiameter ="7.4"/>

</EntryStandard>

<EntryStandard id = "Donut3">

<Donut shape = "SQUARE" outerDiameter = "6.8" innerDiameter = "5.0"/>

</EntryStandard>

"Donutb5">
"HEXAGON" outerDiameter

<Donut shape “8.40" innerDiameter = “6.20"/>

| ELECTRONICS INDUSTRIES
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Other Standard Primitives

L

od

Ring Width




tgLogisticHeader E—
L

ogisticHeader Type

2 i 4% A

(PC
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_@ + PersnnE

Loqgistic Header

() + Role
FoleTwpe 4

@*i descriptiun% @ii publicﬁey% @i' authority
rolefameType skring baset4Binary: chring

() * Enterprise

[i id % 77| ® name 2 ® code @ii codeType %
shortMameTyvpe skring skring enterprise_odeType

@*i addressl% di address?2 0 @*‘ stateProvince
skring skring skring skring

5

EnterpriseTvpe

7 ® country g @ii pnstalﬂode% o) ®phoneg | @ faxg
isoCodeTvpe skring shring sEring
7 ® email 7 ® url &
skring ary LRI

# name [i enterpriseRef 5 title = 71 email =
sLrin shartMameTvpe sEring sbring:

FPersonTvpe

* phnne% # fax = # mailstop = @ii publickey
® skrin 9 basef4Einary

®'l roleRef %

| qualifiedMameType

Indicates file owner as well as Approved Vendors




History Record

[i number

historyMurnber Type

% [i nriginatinn
dateTime

d # externalConfigurationEntryPoint

anyURI

# toolRef 5
skFing

|

¢ Iastﬂhange

dateTime

# HistoryRecord

+ FileRevision
FileRevisionTvpe

|

# fileRevisionId
skring

string

[i comment

# label 2
=

HistoryRecordType

ASSOCIATION CONNECTING
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* SoftwarePackage

+ ChangeRec
ChangeRecType

SoftwarePackageType
N datetime @ personRef [i applicatinn% # change
dateTime | qualifiedMameType skring sEring
|| * Approval [i datetime [i personRef
ApprovalType dateTime gualifiedhameType

Configuration Management Section




Bill of Materials

[i name %

gualifiedMameType

+ BomHeader - [i assembly 0 [i stepListRef

BomHeaderType qualifiedianmeType skring boolzan qualifiediameType
i OEMDesignNumberRef # quantity g [i numberIC
quaIiFi'edNameTw;.-'pe double nonfegativelnteger

# internalPartNumber % @{ # description % @{ # packageRef

# category
bomakeqory Type

akring skring qualifiedtlameType
+ Bom =
BomT
SIS [l name % 7] @ populate
qualifiedilame Ty pe boalean ¢
* _Tuning O
_@ e REfDEEE TuningTvpe
RefDesType +Fi
Irmware E
—@ * Bum.Item = FirmwareType
BomltemType
* Characteristics
CharackeristicsType

(pc One to many BOMs including one for Board Material
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Approve Vendor List

[i name %
qualifiedMameTvpe

# fitle # SOLrCe = # guthor # datetime
sEring skring skring dateTime

+ AviHeader
AviHeaderType

# yersion g @ii comment 7 ® modRef =
positivelnkeger string modrefTvpe

[i DEMDesignHumber%

qualifiedMameType
: 1TAUI o (
vITvpe 5
@{i eupl\.fendc-r% 7| ® evpMpn g @ qualified
skring skring boolean : boolean ;
* AviMpn
AviMpnT
L3 + Avlltem E——%) + AvlVmpn B RLEE
AelTbemTy Sl T .
== == * Avivendor [i enterpriseRef
SvlvendorType gualifiedMameTvpe
= £ 4% A

One master list referenced to BOM item & enterprise

GPc
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The Heart and Stamina

[i name %
qualifiedhameTvpe

# Lnits =
units Tvpe

* Specg
SpecType

—®)
+ CadHeader E— (@) * SurfaceFiniShE
&)

CadHeader Type surfaceFinishType

* ChangeRec -
+ Ecad [E= ChangeRecType E
EcadType

* LayerDesc g
_ | LayerDescTy
SARA ¢ CadDatag] | |Lsierbeslips

CadDataTvpe # Steplist
(UPC

SteplistType
_ ASSOCIATION CONNECTING
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The Information Vessels

[i name %
qualifiedMameTvpe

* Layer
LaverTyvpe

LaverDescType + StEICkLIIJ ]

StackupType

—
* LayerDesc |
-3

+ CadData E

: = # name
CadDataT i
adDataType [quahﬁedf‘-.laﬂ'IET':-"F'E'%]
@ + SteplList EJ o * Step

SkepListType StepType
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# name % ]

qualifiediameTvpe
+ Attribute St e p
ik Description

* Route
FouteTvpe

* Datum
LocationTwpe

+ Profile ]
ConbourTvpe

@@é)_

} Mandatory Requirements

* StepRepeat .
StepRepeatTvpe T h e Ste p fu N Ctl ons

* Package

packageType define the detalils
MU of the electronic
+ VplPackage assembly. This
YplPackageType .

% VpiComponenty Includes the parts,

YplZomponentType CondUCtO rS' net IlSt,

* Step
SkepTvpe

+ LogicalNet

LogicatetType and DFX analysis.

* PhyNetGroup
FhyMetEroupT vpe

+ LayerFeature g } The individual features

LaverFeatureType

ASSOCIATION CONNECTING
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+ DfxMeasurementList El
DfxMeasurementLisk Type




Detall Descriptions

[i layerRef
gualifiedMameTvpe

' net % ] ® pnlarltv & @i' padUsage% @i' testPoint
quallﬁedNameTvpe polarity Ty pe padllsageType boolean

i geometry i plate d' toolNumberRef

strlng I:u:u:ulean skring

+ Attribute E

+* d .
reitope LayerDesc includes:

* Fiducial
” — BOARD
r # LayerFeature | | #Setl | 5 N BOARDPANEL

y LayerFeatureTvpe SetType ;ﬁﬁ 2 AS S E M B LY
MR ASSEMBLYARRAY
* ColorGroup g CO U P O N
DOCUMENTATION
TOOLING

MISCELLANEOUS

* LineDescGroup
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What's Next?

m Major support by CAD tool providers

m NIST viewer can be used to check
data files

m NIST Gerber to IPC-2581 conversion
m New tools becoming available daily
m Golden boards in development

m Beta testing to start in fourth quarter

m Certification of tools and read write
capabillity for IPC-25XX standards
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